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Abstract To date, studies have consistently demonstrated asso-
ciations between either neuropsychological deficits or neuroana-
tomical changes and instrumental activities of daily living
(IADL) in aging. Only a limited number of studies have evalu-
ated morphological brain changes and neuropsychological test
performance concurrently in relation to IADL in this population.
As a result, it remains largely unknown whether these factors
independently predict functional outcome. The current systemat-
ic review intended to address this lack of information by
reviewing the literature on older adults, incorporating studies that
examined e.g., normal aging, but also stroke or dementia pa-
tients. A comprehensive search of databases (Pubmed, Embase,
Medline, Web of Science, PsycINFO) and reference lists was
performed, focusing on papers in the English language that ex-
amined the combined effect of neuropsychological and neuroan-
atomical factors on IADL in samples of adults with an average
age above 50. In total, 58 potential articles were identified; 20
were included in the review. The results show that especially
neuropsychological variables (primarily memory and executive
functions) independently predict IADL. Although some unique
predictive value of brain morphological changes, such as hippo-
campal atrophy, was found, support for the importance of white
matter changes was limited. However, the results of the studies
reviewed are diverse, and appear to be at least partially deter-
mined by the variables included. For example, studies were less
likely to find an independent effect of cognition if they solely
employed a cognitive screening instrument. This indicates that a
structured examination of neuroanatomical and neuropsycholog-
ical correlates of IADL in different patient populations is
warranted.
Keywords Memory . Executive function .Magnetic
resonance imaging .White matter . Graymatter .
Hippocampus . Instrumental activities of daily living
Introduction
Activities of daily living can be divided into basic activities of
daily living (ADL) and instrumental activities of daily living
(IADL). ADL consist of activities of self-maintenance such as
feeding, dressing and toileting (Lawton and Brody 1969). IADL
include complex behaviours of domestic functioning, such as
food preparation, financial administration, housekeeping, use of
telephone, responsibility for own medication, mode of transpor-
tation and shopping. In older adults with cognitive decline, such
as dementia or vascular cognitive impairment, daily-living skills
are often compromised. Moreover, even though normal aging is
by definition characterized by intact IADL, some studies have
illustrated that a lower level of education and an advanced age are
associated with poorer functional status (Artero et al. 2001), as
are chronic disease burden and lifestyle factors (Wang et al.
2002). Deficits in IADL have been linked to increased distress
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and a reduced quality of life in patients and their caregivers as
well as an increased use of healthcare services (Hope et al. 1998;
Vetter et al. 1999). Given the significant burden of functional
impairments on patients, caregivers, and care providers, identify-
ing factors that best predict future decline in daily functioning has
important clinical implications. ADL and IADL can be affected
by conditions that disturb mobility (e.g. stroke, amputation, ar-
thritis) or visual and auditory perception. In the current review,
the focus is on two other important correlates of IADL: neuro-
psychological and morphological brain changes.
Individuals with Alzheimer’s disease (AD), one of the most
studied clinical populations, are commonly characterized by
impairments in IADL. In the initial phases of AD, independent
accomplishment of IADL is altered. The progressive decline
later affects ADL as well (Gauthier et al. 1997). IADL func-
tions require a greater complexity of neuropsychological or-
ganisation than ADL functions, and are therefore more likely
to be sensitive to the early effects of cognitive decline (Pérès et
al. 2008; Wicklund et al. 2007). In contrast, ADL, including
tasks such as grooming, toileting, and feeding, correlate
strongly with motor functioning and coordination (Boyle
et al. 2002; Cahn et al. 1998).
In clinical practice, IADL impairments by definition deter-
mine the difference between the mild cognitive impairment
(MCI) and dementia stage of neurodegenerative diseases,
such as Alzheimer’s disease. As indicated in the previous
section, IADL variables and neuropsychological deficits are
closely related, but other determinants of IADL have also
recently been identified. For example, neuroanatomical
changes may act as a common pathway of deficits in both
neuropsychological test performance and IADL, explaining
their interrelationship. Previous studies have indeed illustrated
a relationship between IADL and neuroanatomical outcome
measures, such as white matter hyperintensities (Inzitari et al.
2009). A crucial question therefore is whether neuroanatomi-
cal and neuropsychological correlates are independently relat-
ed to IADL. Most studies to date have focused on either neu-
ropsychological or neuroanatomical correlates of IADL in
isolation. The goal of this review is to examine the extent to
which neuropsychological and neuroanatomical correlates in-
dependently predict IADL. In the next sections, we provide a
short summary of the neuropsychological and neuroanatomi-
cal factors that have been identified as the most important
correlates of impaired IADL, followed by a review of those
studies that examined neuroanatomical and neuropsychologi-
cal correlates of IADL concurrently.
The Relation between Neuropsychological Deficits
and IADL
The first studies on this association showed that certain IADL
activities are sensitive to early neuropsychological decline,
and as such may be useful as predictors of future severe cog-
nitive deterioration. Most earlier studies demonstrated a rela-
tion between global cognitive impairment, as assessed by
screening instruments such as the Mini-Mental State Exami-
nation (MMSE; Folstein et al. 1975), and measures of func-
tional status (Reed et al. 1989; Skurla et al. 1988). Later stud-
ies (see next sections) distinguished between different cogni-
tive domains and examined these either in isolation or in com-
bination to IADL. Most of these studies were cross-sectional
in nature; a handful of studies also examined longitudinal
relationships.
Cross-Sectional Results
From a theoretical perspective, particularly executive functions
may be relevant for IADL performance. These functions are
generally defined as the abilities to perform complex, goal-direct-
ed, and self-serving behaviours (Brennan et al. 1997). Similarly,
IADL are defined as complex, real-world adaptive human be-
haviours that require independence, volition, organizational abil-
ity, judgment and sequencing (Lawton 1988). Without appropri-
ate executive control, individuals have difficulty appropriately
initiating and completing IADL. Up until now, the majority of
studies indeed point to strong associations between executive
function and IADL. Previous work by Nadler et al. (1993) and
Fogel and colleagues (Fogel 1994), for instance, demonstrated
that measurements of executive functioning are reliable predic-
tors of IADL in geriatric patients. More recent studies have con-
firmed these findings in other populations as well, including AD
(Boyle et al. 2003a; Chen et al. 1998; Pereira et al. 2008;
Razani et al. 2007; Senanarong et al. 2005; Stout et al. 2003),
healthy community-dwelling elderly persons (Grigsby et al.
1998; Cahn-Weiner et al. 2000; Royall et al. 2004; Bell-
McGinty et al. 2002), patients with Parkinson’s disease (Cahn
et al. 1998) and elderly patients suffering from depression
(Kiosses et al. 2000). These findings suggest that executive dys-
function may significantly affect the performance of complex
activities that require goal-directed behaviour, organisation of
an action and behavioural persistence.
In addition to executive dysfunction, a number of studies
concluded that memory impairments are also associated with
functional decline (Dunn et al. 1990; Goldstein et al. 1992;
McCue et al. 1990; Richardson et al. 1995; Farias et al. 2004).
Also studies that concurrently examined multiple cognitive
domains, have demonstrated that memory and executive func-
tioning are important correlates of IADL in AD (Farias et al.
2003; Matsuda and Saito 2005).
Longitudinal Results
Most of the studies examining the relationship between cog-
nition and functional impairment are cross-sectional in nature,
and have not examined how memory and executive function
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at baseline predict the rate of future decline in IADL. Cross-
sectional studies therefore provide only limited insight into the
course of decline in cognition and IADL function. Under-
standing the patterns of change in these two domains
provides a better explanation of the course of dementia.
Many early longitudinal studies that evaluated cognitive
functioning and its relation with future disability have
relied on global measures of cognition, such as the
MMSE. For example, population-based longitudinal
studies have shown that global measures of lower base-
line cognitive function are associated with faster rates of
functional decline and that they predict the development
of future disability in IADL (Barberger-Gateau and
Fabrigoule 1997; Royall et al. 2004; Schmeidler et al.
1998). More recently, Farias et al. (2009) examined the
association between longitudinal changes in domain-
specific cognitive functions and the decline in IADL.
They found that changes in both memory and executive
functions were independently associated with the rate of
decline in IADL.
The Relation between Brain Morphological Changes
and Instrumental Activities of Daily Living
Previous studies have revealed that neuropsychological func-
tioning accounts for only a moderate proportion of variance in
IADL (Reed et al. 1989; Nadler et al. 1993), indicating that
other variables are important as well. For example, sev-
eral studies have shown a significant association be-
tween IADL and white matter changes (WMC). Such
findings have been reported in populations with pre-
dominantly subcortical ischemic vascular disease
(SIVD) (Pohjasvaara et al. 2003, 2007) but also in pa-
tients with MCI (Yoon et al. 2013) or dementia (Moon et al.
2011; Park et al. 2011), as well as in community-dwelling
older adults (Baune et al. 2009; Sonohara et al. 2008). A
longitudinal study confirmed the important role of WMC in
predicting future functional decline (Inzitari et al. 2009), by
showing that older people with extensive age related changes
in white matter are at a high risk of functional decline over the
next three years.
In addition to WMC, some studies have highlighted the
importance of gray matter atrophy in IADL (Yoshida et al.
2012). Hénon et al. (1998), for instance, found evidence that
medial temporal lobe atrophy was associated with functional
status in stroke patients. A recent longitudinal study demon-
strated that parietal and temporal lobe atrophy at baseline pre-
dict worsening IADL impairment over time (Marshall et al.
2014). Nonetheless, up until now, most studies focused solely
on WMC, and did not consider possible gray-matter alter-
ations as important correlates of IADL.
Interim Summary and Goal of the Present Review
Overall, the aforementioned studies suggest that particularly
executive function is related to IADL. Similarly, most studies
indicate that WMC are associated with IADL. The extent to
which these observations are independent is, however, un-
clear. The strong association that has been reported between
executive function and WMC (Schmidt et al. 2011) indicates
that WMC may mediate the relationship between executive
function and IADL. In the same line, both hippocampal atro-
phy and memory function have been identified as correlates of
IADL, but the extent to which these relationships are indepen-
dent of one another, considering their strong association
(Kaup et al. 2011), is largely unknown. Only a limited number
of studies have examined the predictive value of neuropsycho-
logical and morphological variables for IADL concurrently.
The main goal of this review is therefore to describe the pres-
ent knowledge of the interrelationships between, and the
unique contributions of, cognitive functioning and MRI find-
ings in relation to IADL in elderly populations. We hypothe-
sized that the effects of brain morphological changes and neu-
ropsychological test performance on IADL are independent.
In addition, we hypothesized that the underlying clinical con-
dition (e.g., AD) affects this relationship. Here, we expected
that neurocognitive deficits characteristic for a specific disease
would emerge as the most important correlate of IADL, for
example memory and/or hippocampal atrophy for AD and
executive function and/or WMC in diseases with vascular
pathology.
Methods
For this systematic review, an extensive literature search was
conducted of online databases (Pubmed, Embase, Medline,
Web of Science, and PsycINFO) until June 2015. The follow-
ing inclusion criteria were employed: 1. The paper had to be
published after 1988, based on the first population based stud-
ies concerning the relation between brain morphological
changes, neuropsychological test performance and IADL in
older adults; 2. The age of the study sample was restricted to a
minimum of 50 years (on average), since from that age on-
wards significant changes in gray and white matter brain re-
gions become apparent (Bartzokis et al. 2001; Walhovd et al.
2005); 3. The paper had to examine IADL in relation to neu-
ropsychological and brain morphological changes concurrent-
ly. Only those articles explicitly addressing the question
whether cognitive and/or neuropathological factors indepen-
dently predict IADL in older adults were selected; 4. The
paper had to be published in the English language; 5. The
paper had to employ a validated measure of IADL, such as
the Lawton & Brody IADL list, or had to refer to a previous
study in which the list was validated; 6. Clinical diagnoses had
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to be made according to internationally-established
guidelines.
Searches were conducted using (any truncated versions of)
combinations of a keyword from each category: Category 1:
Cognition (cognitive, cognition, memory, executive, visuo-
spatial); Category 2: Imaging (MRI, magnetic resonance im-
aging, white matter, grey/gray matter, hippocampus); Category
3: IADL (activities of daily living, independence, func-
tional impairment, functional decline, functional status,
instrumental activities of daily living, IADL, ADL and
vitality). IADL included the ability to perform the fol-
lowing tasks independently: food preparation, financial
administration, housekeeping, use of telephone, respon-
sibility for own medication, mode of transportation and
shopping. The reference lists of all articles related to the
study were screened, to identify additional relevant arti-
cles. Finally, in order to reduce the effect of a publica-
tion bias, several key authors of studies included in the
review were contacted to inquire about the existence of
unpublished study results on this topic.
EJO performed all initial searches and screened all ab-
stracts of all articles that resulted from this search to
identify potentially suitable papers; further selection of
papers of interest for this study was conducted by EJO
and JMO independently, and findings were discussed in
a consensus meeting.
Quality Assessment
The methodological quality of all studies was rated using the
Newcastle-Ottawa Quality Assessment Scale. This scale mea-
sures three types of outcomes for which a total of 9 stars can
be given. These are the Selection criteria (4 stars maximum),
the Comparability criteria (2 stars maximum), and the Out-
come criteria (3 stars maximum). Criteria were adjusted
such that the use of volumetric or validated visual rating
scales was necessary to assess brain morphological
changes, together with the use of standardized and val-
idated instruments to measure neuropsychological test
performance. Groups had to be matched with regard to
age (first Comparability criterion), and educational
attainment/intelligence estimate or sex (second Compa-
rability criterion), or these factors had to be statistically
controlled for in case of cross-sectional data, as they
present important potential confounds of IADL. Since
the studies included in this review examined cross-sec-
tional/correlational data to answer the research question
of whether MRI variables and neuropsychological scores
independently predict IADL within specified study sam-
ples, also in longitudinal studies, the criteria were ad-
justed so that they covered quality ratings of these kinds
of correlational studies (see Herzog et al. 2013). Both
EJO and JMO independently rated these criteria, and
consensus was reached through discussions.
Results
Based on the first screening of the titles and abstracts, the
initial search resulted in 175 potential articles that were fully
screened in order to identify potential studies for inclusion in
this review, of which 58 explicitly referred to IADL in relation
to cognitive and neuropathological deficits. A careful review
of their reference lists did not identify any additional articles.
A further detailed examination revealed that only 20 of these
58 studies explicitly examined the combined impact of cogni-
tive and neuroanatomical factors on IADL, and met all spec-
ified inclusion criteria (Table 1). These studies focused on the
following clinical populations: non-demented elderly people
(n = 3), depressed elderly (depressed only: n = 2, depressed +
non-depressed elderly: n = 2), vascular dementia patients
(n = 3), MCI patients and elderly controls (n = 1), early AD
and elderly controls (n = 2), elderly controls, MCI and demen-
tia patients (n = 3), diabetic patients and elderly controls
(n = 1), stroke patients with elderly controls (n = 1), MCI
patients only (n = 1), and AD patients with cerebrovascular
disease (n = 1). The authors that were contacted were not
aware of unpublished study results; one unpublished disserta-
tion was found, however, further inspection revealed that re-
sults from this dissertation were used as part of an already
included article.
Studies that Found Unique Associations
with Neuroanatomical Changes
Overall, of the 12 studies that examined the independent ef-
fects of WMC, four articles confirmed previous findings of
significant associations between WMC and IADL. For
example, Cahn et al. (1996) found that in patients with depres-
sion, subcortical hyperintensities accounted for an additional
18 % of the variance in IADL, in addition to age, depression
severity, and neuropsychological test performance. Similar
results have been reported in other populations such as pa-
tients with vascular dementia (Boyle et al. 2003b), AD
patients with cerebrovascular disease (Chen et al. 2015), as
well as in a longitudinal study in an elderly population
(Inzitari et al. 2007).
Nine studies reported on the unique predictive value of
hippocampal atrophy for IADL. Of these, four studies report-
ed independent associations between hippocampal atrophy
and IADL. Again, these findings pertain to a range of patient
samples, including MCI and AD patients (Cahn-Weiner et al.
2007; Brown et al. 2011) as well as elderly people (Bennett
et al. 2006; Verlinden et al. 2014).
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Other studies reported unique associations with a neuroan-
atomical substrate that was reported in a single study only,
such as orbitofrontal cortex volume (Taylor et al. 2003).
Studies that Found Unique Neuropsychological
Correlates
The findings with regard to the unique neuropsychological
correlates of IADL are somewhat homogeneous. Of the nine
studies that examined the independent effects of executive
function, in addition to other functions, six reported unique
associations with IADL. (i.e., Bennett et al. 2006; Boyle et al.
2003b; 2004; Cahn-Weiner et al. 2007; Christman et al. 2010;
Mok et al. 2004). Furthermore, out of eight studies that exam-
ined the independent effects of memory function, in addition
to other functions, five studies found unique associations with
IADL (i.e., Bennett et al. 2002, 2006; Brown et al. 2011;
Cahn-Weiner et al. 2007; Marshall et al. 2014). Some studies
found effects of other measures, such as spatial span and ar-
ithmetic ability (Griffith et al. 2010) or of tests that tap psy-
chomotor speed (Brown et al. 2011; Christman et al. 2010;
Marshall et al. 2014) or attention (Bennett et al. 2002, 2006;
Stoeckel et al. 2013).
Since executive functions are strongly related to WMC, it is
crucial to determine whether the effects of executive function are
independent of those from WMC; the same applies to memory
and hippocampal atrophy. Six studies examined WMC together
with executive control (as independent measure, not as part of
one overall cognitive domain score) in relation to IADL. Of
these, four studies noted independent effects of executive func-
tion only, one study found contributions of both executive
function and WMC, whereas one study found no effects of
these variables at all. In the same line, four studies examined
memory and hippocampal measures concurrently, three of
which reported independent effects of both of these predictors,
whereas the fourth study reported no effects of these variables at
all.
Study that Reported Inconclusive Results
In a mixed group of healthy adults and early AD patients,
Vidoni et al. (2010) demonstrated that impaired cognitive
functioning was related to reduced gray matter volume in the
medial frontal (AD patients) and in the middle frontal and
precentral cortex (healthy group). According to the authors,
this likely affects independent performance of IADL in part
through a decline in associated executive aspects of function-
ing. The results suggest that cognitive function had both a
strong direct effect on and mediated the influence of physical
function on independence for those with AD. It is unclear,
however, whether cognitive and neuroimaging correlates in-
dependently related to IADL.
Effects of Clinical Condition
Of all studies included in the review, four reported on patient
groups with a significant underlying cerebrovascular patholo-
gy, five on patients with Alzheimer pathology (amnestic MCI
and/or AD, without including controls in the analysis), three
on patients with depression (apart from controls), and six on
elderly populations (without including patients in the analy-
sis). In this section, we specifically focus on white matter and
hippocampal measures, together with memory and executive
function as neuropsychological domains, as these were the
most important predictors of IADL overall. An overview of
the most important MRI correlates of IADL is depicted in
Fig. 1, specific disease states in which certain MRI variables
are associated with IADL are reported in the caption.
In the studies that include patients with cerebrovascular
pathology, three out of four found a unique effect of executive
functioning on IADL, but only one out of four found a unique
effect of underlying white matter pathology. One study found
a unique effect of memory, but only two studies examined
memory performance as an independent predictor in total;
none of these studies examined hippocampal volume.
Of the five studies examining Alzheimer pathology, only
one out of four studies that examined hippocampal volume
found an independent effect on IADL. Two out of three stud-
ies found an effect of memory; two studies used executive
function measures, but found no effect. None of these five
studies measured white matter integrity.
None of the studies on clinical depression focused on in-
dependent measures of memory, executive function, or hippo-
campal volume. White matter integrity was examined in all
three studies; only one reported an independent effect on
IADL.
Finally, in six studies examining elderly populations, one
out of four studies showed a unique effect of WMC whereas
two out of three studies identified hippocampal volume as a
unique correlate. Only two studies examined independent ef-
fects of memory and executive functioning, and only one re-
ported that these cognitive functions independently relate to
IADL.
The Effect of Methodology
Consensus was reached between both raters and, overall,
methodological quality of the studies was judged to be suffi-
cient (see supplementary Online Recourse 1). One study did
not reach the cut-off point of 5 (out of 9) that has been used to
determine whether the methodological quality is sufficient
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(Stubbs et al. 2013). Six studies obtained a score of 5, five a
score of 6, four a score of 7, and four a score of 8. Nonetheless,
significant methodological differences exist across studies,
which may account for the heterogeneous findings. In the next
section, we will discuss the following potential confounders in
relation to the study outcomes: how IADL was measured
(self-report, informant-based or performance-based), how
brain morphological changes were quantified (through visual
or volumetric measures), and how the neuropsychological as-
sessment was conducted (brief or detailed).
The Effect of IADL Assessment
Of all studies included, six solely relied on self-report mea-
sures, nine used informant-based measures of IADL, two
combined self-report with informant-based reports for their
participants, two used performance-based indices of IADL,
and one used informant-based IADL measures for their pa-
tients and self-report measures for their control group (see
Table 1). The outcomes of the studies using self-report versus
informant-based reports of IADL were comparable. In the
seven studies that reported on correlates of self-report mea-
sures, five times (71.4 %) a unique effect of cognition was
demonstrated, and four times (57.1 %) an independent effect
of neuroimaging variables was reported. Of the 12 studies that
reported correlates of informant-based IADL measures, these
numbers were eight (66.7%) and seven (58.3%), respectively.
At a more detailed level, no association was found between
the type of IADL assessment and whether or not an effect of
hippocampal atrophy, executive or memory deficits on IADL
was found. The only exception was WMC, which were never
related to IADL when self-report measures were used, where-
as they were related to IADL in 50 % of the instances where
studies relied on informant-reports. It should be noted, though,
that informant-reports or performance-based indices of IADL
were more likely employed in patients with pathological con-
ditions such as stroke, MCI or dementia (83.3 % of the cases)
compared to studies that solely focused on the elderly popu-
lation, diabetic patients or depressed patients (54.5 % of all
cases where cognitive and MRI correlates were considered).
The Effect of MRI Assessment
Nearly all studies employed volumetric measurements to
quantify morphological changes in the brain. Visual scoring,
if used, was mainly employed to assess white matter integrity.
Out of a total of 12 studies, five used visual and seven volu-
metric assessment of WMC. For both assessment methods,
two studies reported unique effects ofWMC on IADL, where-
as five (volumetric) and three (visual) did not.
The Effect of Neuropsychological Assessment
Several studies used a neuropsychological test battery to pro-
vide a detailed examination of cognitive functioning, tapping
a wide array of functions such as memory, attention, executive
functions, and psychomotor speed. Others, however, used a
brief battery tapping some, but not all, of these functions, or
even used a single broad cognitive screening instrument such
as the MMSE. Further employment of cognitive outcome
measures also differed between studies: some calculated a
single cognitive outcome measure based on multiple neuro-
psychological tests, whereas others examined tasks/functions
such as memory and executive function as independent con-
structs when examining associations with IADL.
To examine the effect of neuropsychological assessment,
we made an distinction between: 1. Studies employing
Fig. 1 Overview of the main brain structures involved in IADL function;
a) neocortical regions: middle frontal gyrus (blue) associated with IADL
in non-demented older adults and AD patients, supramarginal gyrus
(yellow) associated with IADL in AD, angular gyrus (red) associated in
amnestic MCI and AD, inferior temporal gyrus (green) associated with
IADL in AD; b) medial temporal lobe atrophy associated with impaired
IADL function in non-demented older adults, MCI and AD (coronal T1-
MRI showing the hippocampus and entorhinal cortex in green boxes); c)
subcortical white matter lesions associated with IADL in vascular
dementia, older adults with depressive symptoms and non-demented
older adults (red arrows on transversal FLAIR-MRI indicating frontal
and occipital white matter hyperintensities)
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multiple neuropsychological tests tapping at least 3 distinct
cognitive domains, 2. Studies conducting a brief neuropsy-
chological examination, employing one or some neuropsy-
chological tests and/or tapping less than 3 cognitive domains,
and 3. Studies only using a screening instrument such as the
MMSE. This resulted in six studies using a detailed and seven
using a brief neuropsychological examination, and seven stud-
ies using a screening instrument. Of these studies, indepen-
dent associations of cognition with IADL were noted for the
majority of studies using detailed or brief neuropsychological
examinations (both >65 %); for those studies using a screen-
ing instrument, only 42.9 % reported an independent associa-
tion between this instrument and IADL.
Discussion
The main goal of the present review was to examine to what
extent cognitive and brain morphological changes indepen-
dently predict IADL. The majority of studies discussed in
the present review demonstrate that performance on neuropsy-
chological tests for the domains memory (62.5 % of studies
that examined this function) and executive functioning
(66.7 % of studies) are both associated with present IADL
impairment and predictive of future decline in IADL; overall,
83.3 % of all studies (that explicitly reported the effect of
cognition) demonstrated a unique effect of cognition on
IADL. Neuroimagingmarkers, independent of cognitive func-
tion, were also associated with IADL, but to a lesser extent. In
total, 44.4 % of studies examining this brain structure reported
that hippocampal volume was associated with impairment in
IADL, and 33.3% of studies foundWMCpredictive of IADL;
overall, 60.0% of the studies reported an independent effect of
brain neuroanatomical changes. Whereas both these factors –
cognitive dysfunction and brain morphological changes – are
important and independent indicators of IADL, cognitive
functioning appears to be a stronger predictor than morpho-
logical changes in the brain. Finally, whereas some unique
effects of hippocampal atrophy were noted, that extended be-
yond the effects of episodic memory, WMC appear less pre-
dictive, particularly once executive functioning is simulta-
neously examined.
One possible explanation why episodic memory plays an
important role in IADL is that our ability to fulfil future ac-
tions is strongly dependent on episodic memory processes
(Einstein et al. 1992). Alternatively, a potential explanation
is that episodic memory impairment/hippocampal atrophy
merely reflects a disease severity effect in MCI and AD pa-
tients, in that more severe hippocampal atrophy/memory im-
pairments and severe IADL impairments are both indicative of
a more advanced disease state. Similarly, the association with
hippocampal volume in healthy aging may reflect preclinical
neuropathological changes as the result of neurodegenerative
disease, such as AD (Apostolova et al. 2010; Den Heijer et al.
2006). Thus, the association between memory and hippocam-
pal atrophy and IADL functioning may predominantly reflect
an underlying neuropathological process rather than highlight
a unique role of the hippocampus or memory function. Further
studies that compare multiple, yet homogeneous, clinical pop-
ulations that vary in the level of the extent to which memory
and hippocampal volume are affected are needed in order to
answer this question.
With respect to executive dysfunction, planning, sequenc-
ing capacity, and monitoring are prerequisites for successful
IADL performance. In line, impaired executive processes may
provide a possible explanation about how WMC may lead to
impairment in IADL. That is, WMC may result in impaired
executive function relevant for IADL due to disruption of
frontal subcortical circuits (Cahn et al. 1996; Kiosses et al.
2000). However, we found that studies that concurrently ex-
amined the effects of WMC and executive functioning most
consistently reported independent effects of executive func-
tion, but not WMC, on IADL. This suggests that the impair-
ment in IADL associated with WMC is mediated by an im-
pairment in executive function.
Although our review indicates that both neuropsychologi-
cal and neuroanatomical changes may be important indepen-
dent correlates of IADL, some limitations need to be ad-
dressed. Firstly, some studies reported a composite measure
of cognitive functioning including several cognitive domains,
making it impossible to detect the unique contribution of each
domain in relation to IADL (Inzitari et al. 2007; Cahn et al.
1996; Vidoni et al. 2010). These studies therefore prohibit
drawing firm conclusions regarding specific cognitive do-
mains that are relevant for IADL.
Secondly, it is crucial to realize that the study outcome is
largely determined by the variables that were included in the
respective studies. For example, some studies only used the
MMSE as the cognitive correlate (Steffens et al. 2002; Taylor
et al. 2003; Hybels et al. 2014; Verlinden et al. 2014; Kochan
et al. 2011; Chen et al. 2015), whereas others employed ex-
tensive neuropsychological test batteries (e.g., Cahn et al.
1996; Bennett et al. 2002; Christman et al. 2010). It is unclear
whether MMSE scores (that are known to have little sensitiv-
ity for executive dysfunction or memory) will still be signifi-
cantly associated with IADL once other functions, such as
executive control, are considered as well. Patients with high
education levels may also perform near ceiling level, which
makes the MMSE inappropriate as a measure of cognitive
functioning in highly-educated subjects (Franco-Marina
et al. 2010). These shortcomings are substantiated by our
examination of the outcomes in relation to the neuropsycho-
logical examination; unique associations with IADLwere less
often reported when cognitive screening instruments were
used, compared to studies that employed more detailed
neuropsychological examinations.
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Similarly, with respect to potential morphological corre-
lates, a significant portion of studies focused solely on
WMC in relation to IADL (Boyle et al. 2004; Hybels et al.
2014; Pantoni et al. 2006; Inzitari et al. 2007). Likewise, the
unique contribution of variables that are strongly interrelated
and also predict IADL, such as executive function and WMC,
or hippocampal atrophy and memory, needs specification in
future studies. Most studies found either an independent effect
of morphological changes or an independent effect of neuro-
psychological correlates. Only a small number of studies
found concurrent independent effects of both potential corre-
lates, and only few identified independent contributions of
interrelated predictors, such as concurrent independent effects
of WMC and executive function.
Even though we found evidence that executive function
problems, and at one occasion WMC, predicted IADL in pa-
tients with vascular pathology, hippocampal pathology was
not examined in these patients. However, hippocampal atro-
phy is a common observation in patients with vascular cogni-
tive impairment (Liu et al. 2014, although the atrophy is
potentially less severe than in AD, see Kim et al. 2015) and
is therefore likely to predict IADL in this population as well.
In turn, none of the studies in patients with Alzheimer pathol-
ogy examined whether WMC played an important role, de-
spite the fact that WMC are also commonly observed in AD
patients (Burton et al. 2006; Kandiah et al. 2015). Related to
this, although true neurocognitive deficits are likely present in
neurodegenerative disorders such as AD, factors such a lack
of motivation may explain such deficits in depressed patients
(Kiosses and Alexopoulos 2005). Whether this holds true for
the current findings is unclear, as two studies have demonstrat-
ed independent effects of brain morphological changes, name-
ly of white matter pathology (Cahn et al. 1996) and
orbitofrontal cortex volume (Taylor et al. 2003), on IADL.
This suggests that much remains to be done in identifying
those variables that most strongly predict IADL in different
clinical populations.
One of the reasons for the mixed results may relate to the
method of reporting on IADL questionnaires. For example,
Tan et al. (2009) found that executive function was more
strongly associated with informant-reports than self-reports
in MCI. In addition, informant-reports of IADL were able to
accurately distinguish levels of functional independence,
whereas self-report measurements could not (Farias et al.
2005). In particular, when IADL variables are obtained from
self-reports in depressed individuals, results may not represent
true limitations, as a depressed mood may influence the per-
ception of functional impairment. Furthermore, most of the
studies reviewed used questionnaire-based assessment and
only two studies used performance-based assessments.
Questionnaire-based and performance-based assessment of
IADL may call upon different executive problems or process-
es (Cahn-Weiner et al. 2002). Consequently, cognitive
predictors may vary as a result of the type of IADL assessment
protocol.
In addition, it is possible that the type or format of the IADL
questionnaire used may influence the cognitive variables which
are necessary to perform the task. Although nine studies used the
same IADL subscale of Lawton and Brody, with which the
remaining questionnaires show overlap, there are also differences
in the type of IADL items being assessed. For instance, some of
the questionnaires include items such as being able to talk about
current events, a tendency to dwell in the past, or paying attention
and understanding while reading or watching television. More-
over, a variation is present in the way questions about IADL
items are formulated. Whereas one questionnaire may inquire
more superficially about performing financial administration,
the other will examine the same task more thoroughly. The in-
terpretation of the relation found between cognitive variables and
IADL is further complicated by a variety in formats of items to be
rated. The scales differ in their range of rating points between
dependence and independence in a task, which make themmore
or less sensitive to detect functional decline. In sum, a number of
factors related to the questionnaires reviewed influence the vari-
ance in prediction of IADL performance.
Some discussion about the methodological quality of the
included studies in this review is in place. The methodological
quality of the studies included was rated using the Newcastle-
Ottawa Quality Assessment Scale. Overall, the quality of
nineteen studies was judged to be sufficient; only one study
did not reach the cut-off point of 5. Nevertheless, the quality of
the studies reviewed could certainly be improved given the
fact that eleven studies achieved just a score of 5 or 6. More-
over, the possibility of a publication bias cannot be ruled out.
In order to take into account the effect of a publication bias,
the majority of the key authors of the studies included were
contacted to inquire about the existence of unpublished study
results on this topic. Only three authors responded to our re-
quest; none of these authors were aware of unpublished
studies. Furthermore, considering the small number of
included studies, we could not be too strict regarding
the inclusion versus exclusion criteria, for example by
including only those studies with a comprehensive neu-
ropsychological examination.
Clearly, research examining the combined impact of cog-
nitive and neuropathological factors on instrumental activities
of daily living is still in its infancy. Additional research is
needed to clarify the predictors of functional impairment in
elderly people and to establish the relative contribution of
specific neuropsychological and morphological deficits. Giv-
en the impact of pre-frontal dysfunction and hippocampal at-
rophy on IADL, thorough evaluations of executive and mem-
ory dysfunction in patients seen in memory clinics, combined
with neuroimaging, may assist in identifying individuals at
risk for functional disability and provide important informa-
tion regarding treatment planning.
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To summarize, the present review provides clear evidence
that executive function and memory, together with hippocam-
pal atrophy – and to a lesser extent white matter changes –
play crucial roles in maintaining an independent lifestyle.
Studies systematically examining these neuropsychological
and morphological factors concurrently in different patient
populations are needed to identify the uniqueness of these
potential correlates for IADL. In addition, longitudinal studies
are needed to determine whether these cognitive and morpho-
logical deficits are actually causally related to disability. If so,
interventions to treat cerebrovascular disease and to prevent its
worsening may have a significant impact on functional status.
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